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Rb-Sr isochrons are presented for rocks from the Knute Group, the Håv 
Group and two granites, all from the Kongsberg area, south Norway. At !east 
two metamorphic episodes at 1700 ± 100 m.y. and at 1260 ± 40 m.y. are 
recognized. The results are compatible with the history developed for the 
Bamble area to the south. The lower metamorphic grade associated with the 
1260 ± 40 m.y. episode at Kongsberg suggests that at the present erosion sur
face there was an increasing thermal gradient from the Kongsberg area 
towards Bamble. 
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The Norwegian Geotraverse Project (Heier 1969) was formulated to include 

petrological, geophysical and geochemical investigations of rocks of diverse 

ages and origins within the designated geotraverse area. This paper embodies 
the results of reconnaissance Rb-Sr whole-rock studies in the part of the 

traverse area centred upon the Kongsberg area. 

The Kongsberg area is best known geologically because of its Permian ore 
deposits, notably those bearing native silver. Surprisingly little work has 
been carried out on the Precambrian rocks since the initial work of C. Bugge 

(1917) and the studies of J. A. W. Bugge (1943). In this context a reconnais
sance geochronological study of the present kind provides a useful basis for 

further more detailed studies of both a petrological and geochronological 
nature. 

To the authors' knowledge no previous age determinations have been 

carried out in the area under present investigation (Fig. 1), however Broch 

(1964) records two K-Ar apparent ages from near Modum, some 35 km NE 

of Kongsberg. A phlogopite from a pegmatite gave 1041 m.y., and a biotite 

also from a pegmatite gave 1055 m.y. These latter ages are within the same 

range as similar samples SE of the Kongsberg area in Bamble (O'Nions et al. 

1969a). 

• Publication No. 35 in the Norwegian Geotraverse Project. 
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Analytical techniques 

Both rubidium and strontium were determined by isotope dilution analyses. 
Sample aliquots for strontium determinations were decomposed in an HF
HN03 mixture in teflon, under positive, filtered air (Millipore 0.2 p,) over
pressure and Sr84-enriched isotope dilutant was added. Strontium was sepa
rated from samples by conventional cation exchange techniques. Rubidium 
was determined on separate sample aliquots. Typical blanks on these proce
dures are < 0.06 p,g Sr and 0.01 p, Rb. The chemical separation and spiking 
was carried out at Mineralogisk-Geologisk Museum, Oslo, and the isotopic 
analyses of Rb and Sr samples were performed on the Oxford 6" mass 
spectrometer (a modified A.E.I. M.S.2) employing magnet scanning of the 
spectra. Regression lines were fitted using the method of Mclntyre et al. 
(1966). 
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Fig. 1. Geological sketch map of the area (sketched from Bugge 1917). Locations of the 
23 samples analysed in this study are indicated. PC-Precambrian. 
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Summary of geology 

Accounts of the geology of the Kongsberg area have been given by C. Bugge 

(1917), A. Bugge (1936, 1937) and J. A. W. Bugge (1943). Bugge (1936) 
considered the area around Kongsberg, lying between the Cambro-Silurian 

rocks to the east and the fault zone through Meheia to the west, to have 

certain lithological and petrological sirnilarities with what is now termed the 

Bamble sector of the South Norwegian Shield (see Morton et al. 1970), and 

grouped the two areas together as the Kongsberg-Bamble formation. 

Bugge (1917) recognized a series of metavolcanic and metasedimentary 

rocks within the Kongsberg area which he designated the Knute formation -

it is proposed to refer to these as a group in further mention in line with 

more recent stratigraphic nomenclature. Stratigraphically the Knute group 

rocks are the oldest exposed in the Kongsberg area (Bugge 1917) and are 

predominantly metavolcanics, compositionally ranging from andesitic to 

dacitic, the more basic members of which are commonly composed of 
plagioclase (Ani0-15), clinozoisite, hornblende and quartz. Intercalated schists 

within the Knute group become predominant in the Overberget band and 

are mainly chlorite-muscovite-biotite schists together with gamet and oc

casionally staurolite-bearing varieties. Although at present, very little work 

has been carried out on the metamorphic petrology of these rocks, it is 

apparent that the Knute group has been subjected to conditions character

izing the upper greenschist to lower almandine amphibolite facies. In this 

respect the metamorphic grade is apparently lower than in the continuous 

parts of the Bamble sector (O'Nions & Baadsgaard 1971), where muscovite 

and sillimanite coexist and staurolite is not found. 

Intrusive rocks within the area include the gabbro-diorite rocks, which 

have been partially retrograded to amphibolite, and the granites in the 

western and eastem parts of the area. The Håv group (Bugge 1917) includes 
all of the above rock types in what is best described as a 'tectonic melange', 
running approximately north-south through the town of Kongsberg (Fig. 1 ). 
In our preliminary investigations we have performed Rb-Sr analyses of 
samples from the Knute group, the Håv group and the Kongsberg granites. 

The granite in the western part of the area (Fig. l) was called Telemark 
granite by C. Bugge (1917). Its relation to the Telemark granite further west 

is uncertain. In the papers by A. Bugge (1937) and J. A. W. Bugge (1943) it 

has been referred to as Kongsberg granite. In this note it is referred to as 

Kongsberg granite west in order to distinguish it from the Kongsberg granite 

in the north-east corner of the map (Fig. 1). 

Geochronological results 

Sample localities are shown in Fig. l. The figure is sketched from Bugge 

(1917) and conveys an impression of the general geology of the area. A more 
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recent map of the area north of Kongsberg and Jonsknuten is by Bugge 

(1937). 

The Knute Group and the Håv Group 

Samples were selected from outcrops of the Knute group in two areas - one 

along the Kobberbergselven between Meheia and Saggrenda and one at Haus 

Sachsen (Fig. 1). Analyses of samples from the Kobberbergselven outcrops 

are shown in Table 1 and are plotted on an isochron diagram in Fig. 2. 
With the exception of sample K-6 the samples define an isochron with an 

age of 1265 ± 40 m.y. (2 a) . In Fig. 3 all of the analyses for the Knute group 

in both areas are plotted together with the analyses of the Håv group 
samples. Several interesting features emerge from Fig. 3. The Håv group 

samples do not define a good isochron within experimental error - the best 

fit regression line gives an age of 1730 ± 90 m.y. and a geologically im

probable low initial Sr87JSr86 of 0.6982 ± 0.004 (2 a), suggesting that the 

Table l. Rb-Sr Analytical Data. 

Sam p le 

Knute Group 
Kobberbergselven area 
K-5 
K-6 
K-8 
K-9 
K-12 
K-16 

Knute Group 
Haus Sachsen 
K-17 
K-18 
K-20 

Håv Group 
K-22 
K-23 
K-26 
K-27 
K-28-B 

Kongsberg Granite West 

K-1 
K-2 
K-3 
K-4 

Kongsberg Granite 
KG-B 
KG-C 
KG-E 
KG-F 
KG-G 

Rb ppm 

326.1 
250.5 
142.2 
179.0 

18.11 
45.33 

73.52 
35.08 
56.35 

23.28 
67.86 
68.71 
50.80 
45.38 

238.2 
276.1 
158.9 
267.2 

76.08 
51.37 
55.79 
53.75 
49.95 

Sr ppm Rb87/Sr86 Sr87/Sr86 

192.7 4.931 0.7838 
76.89 9.538 0.8364 

266.7 1.5455 0.7284 
73.42 7.133 0.8306 

239.4 0.2188 0.7087 
193.6 0.6778 0.7140 

71.74 2.973 0.7398 
10.32 9.945 0.8213 
46.60 3.528 0.7967 

376.2 0.1789 0.7021 
87.38 2.2556 0.7507 

245.9 0.8088 0.7194 
54.00 2.737 0.7695 

132.3 0.9926 0.7211 

24.57 29.52 1.253 
26.84 31.12 1.185 
32.31 14.542 0.9368 
29.28 27.327 1.074 

81.97 2.697 0.7548 
46.68 3.204 0.7775 
45.76 3.549 0.7761 
53.67 2.915 0.7749 
44.10 3.298 0.7789 
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Fig_ 2_ Isochron diagram of rocks from the Knute Group along Kobberbergselven. 
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Fig. 3. lsochron diagram of rocks from the Knute group and the Håv group_ 

samples either have not been homogeneous with respect to Sr87 jSr&i at any 

time in the past, or else have suffered some open-system behaviour. When 

the Knute group rocks from Haus Sachsen are included, it seems that some 

components may be preserving vestiges of an older episode (rv 1800 m.y.) 

as do similar rocks in the Håv group, whereas others have apparently been 

open systems subsequent to 1260 m.y. The simplest interpretation of the 

Knute and Håv group analyses, at this stage, is that they were metamor-
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phosed between 1700-1800 m.y. aga and were remetamorphosed at 1260 ± 

40 m.y. at which time same of the samples became isotopically reset with 

respect to their Rb-Sr systems and others were only partially disturbed. 

A few analyses suggest that same samples have been affected by an event or 

events subsequent torv 1260 m.y. We do not have sufficient data at this time 

to distinguish between another metamorphic episode at 950 m.y. (which is 

not recorded by K-Ar dating in Bamble) or else same parochial apen system 

behaviour in response to the fluids responsible for the deposition of Permian 

ore deposits. 
In general outline these results are compatible with the polymetamorphic 

history developed for the Bamble area (O'Nions et al. 1969a, 1969b, O'Nions 

& Baadsgaard 1971) where data for the Levang gneiss dome in particular 

(K-Ar, Rb-Sr and U-Pb of sphenes and zircons) suggest that the paragneisses 

were affected by at least two metamorphic episodes - ane at approximately 
1650 m.y. and the other at approximately 1180 to 1200 m.y. (thermal maxi

mum). The latter Sveconorwegian event is within analytical error of the 

1265 ± 40 m.y. recorded for the Kongsberg area. K-Ar and Rb-Sr mineral 
data will obviously be extremely interesting in relation to comparisons of 

the post-Sveconorwegian thermal cooling histories of the two areas. 

Kongsberg granites 

Stratigraphically the Kongsberg granites are younger than both the Knute 

group and the gabbro-diorite intrusives and Bugge (1917) considered the 
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Fig. 4. Isochron diagram of the Kongsberg granites. (Telemark granite = Kongsberg 
granite west.) 
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Kongsberg granite to be younger than the Kongsberg granite west (Telemark 

granite) although the stratigraphic control is not very good. The Kongsberg 

granite has an irregular outcrop and is a coarse-grained rock composed of 
quartz, K-feldspar, plagioclase and biotite with accessory muscovite, sphene 

and allanite, whereas the Kongsberg granite west (where sampled by us) is 
fine-grained and composed of quartz, K-feldspar, plagioclase with minor 

amounts of biotite, muscovite, clinozoisite and sphene. Both of the granites 

show abundant evidence of mechanical movements subsequent to their em

placement, by way of fractured grains and microbrecciation. Rb-Sr analytical 

data are shown in Table l and plotted on an isochron diagram in Fig. 4. 

It is quite apparent that the Kongsberg granite west samples do not define 

a consistent isochron within experimental error and again open system 
behaviour is indicated. In the case of the Kongsberg granite insuffi

cient RbfSr variation was found to obtain an isochron with the present 

experimental precision. However, the granites are certainly not younger than 

1000 m.y. and are possibly pre-Sveconorwegian (i.e. pre-1260 ± 40 m.y.) 

consistent with the apparently metamorphic nature of the Kongsberg granite 

west. 

Conclusions 

The reconnaissance Rb-Sr geochronological study of the Kongsberg area has 

revealed several features. Firstly, like the contiguous parts of the Bamble 

area, it is an obviously poly-metamorphic terrain which has suffered at 

!east two metamorphic episodes at approximately 1700 ± 100 m.y. and 

at 1260 ± 40 m.y., which most probably can be considered to be Svecofen

nian and Sveconorwegian, respectively. Secondly the obviously lower meta
morphic grade associated with the Sveconorwegian episode at Kongsberg 

suggests that at the present erosion surface there was an increasing thermal 
gradient from the Kongsberg area towards Bamble. Thirdly the Knute group 

and Håv group rocks are certainly older than the very low grade meta
morphosed rhyolites of the Telemark supracrustals (Priem et al. 1968). 

It is now becoming increasingly apparent: both in south Norway and in 
other shield areas that many of the rocks have been involved in a long and 
complex polymetamorphic history (e.g. Heier & Compston 1969), and that 
part of south Norway designated Sveconorwegian by Kratz et al. (1968) 

became staticlised in earlier metamorphic cycles and suffered reactivation 

during the Sveconorwegian. 
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